The Rationale for Culling of Rodent Litters. Agnish, N. D., and Keller, K. A. (1997) . Fundam. Appl. Toxicol. 38, [2] [3] [4] [5] [6] Based on a review of the pertinent literature and our own unpublished data, it is recommended that culling of rodent litters in the early postnatal period should be a standard practice in deliverytype reproduction studies. This, in turn, will reduce the litter sizeinduced variability in the growth and development of pups during the postnatal period and thus increase the sensitivity of statistical analyses to detect treatment-related effects. This will also ensure that any adverse effects on pup growth (body weight gain) and development (reflex and behavior development) are not masked by a treatment-induced reduction in Utter size. The culling should be carried out randomly and no attempt should be made to selectively cull sick or underweight pups. Since male pups weigh significantly more than females and studies have shown differences in maternal behavior toward one sex over the other, whenever possible each culled litter should consist of an equal number of males and females, o iw society of In the International Conference on Harmonization; Guideline on Detection of Toxicity to Reproduction for Medicinal Products (originally issued on June 24, 1993, later modified by the April 5, 1996 Federal Register announcement of the FDA), the following appears under Note 20, Reduction of Litter Size: ' "The value of culling or not culling for detection of effects on reproduction is still under discussion. Whether or not culling is performed, it should be explained by the investigator." We and many others have routinely culled rat litters to four/sex or five/sex on Postnatal Day 4, 5, or 6 in delivery-type reproductive toxicology studies. It was our understanding that this was a fairly standard practice. Recently, we learned that there are many scientists who do not believe in culling of litters. Having reviewed the pertinent published literature on the subject and the unpublished "in-house" data on culled and unculled litters, we would like to argue that culling is a highly desirable practice in a delivery-type reproduction study.
I. BACKGROUND

A. Effect of Litter Size on Postnatal Growth of Rodent
Pups A number of investigators have shown that pup body weight gain during the lactation period is inversely propor-0272-0590/97 $25.00 Copyright © 1997 by the Society of Toxicology. All rights of reproduction in any form reserved. tional to the litter size (Widdowson and McCance, 1960; Heggeness et al, 1961; Kumaresan et al, 1967; Priestnall, 1974; Galler and Turkewitz, 1975; Buhrdel et al., 1978; Kreckmann et al., 1994) . For example, we have found that for rats commonly referred to as Charles River CD rats (cesarean-derived, an offshoot of Sprague-Dawley rats) used in our laboratories (maternal body weight in the range 300-400 g), the average pup weight at weaning for a 5member unculled litter is 68 g, compared with only 40 g for an unculled litter size of 18 (Table 1 ). An increase in the variability of pup weights in larger litters has also been reported: the coefficient of variability for larger litters was up to twice that of smaller litters (Priestnall, 1974; Galler and Turkewitz, 1975; Jen et al, 1978) . A preliminary analysis of our unpublished data from six studies using unculled or culled litters shows similar reductions in the coefficient of variation of pup weights within a litter when culled on Lactation Day 4 ( Fig. 1 ). Comparison of litters of 15 or 16 pups and 12 or 13 pups at birth that were culled to 8 pups (4 males, 4 females) shows more than a 50% reduction in variability. Culling to 10 pups (5 males, 5 females) also reduced variability but not as dramatically. The correlation between body weight gains of pups and litter size is believed to be due to the availability of milk (Kumaresan et al., 1967) . Litter size has a marked effect on the intensity of pup suckling stimuli, maternal oxytocin concentrations, and milk production and ejection levels (Kumaresan et al., 1967; Russel, 1980) . In general, milk volume production increases with litter size, but there are limits, as shown by the lack of increase in milk yield above litter sizes of 11 pups (Kumaresan et al., 1967) .
B. Effect of Litter Size on Postnatal Functional Development of Rodent Pup
Delays of up to 1 -2 days in the attainment of maturational endpoints (i.e., eye opening and pinna detachment) and of 2-3 days in the attainment of adultlike swimming abilities has been reported in pups from larger litters in comparison to pups from smaller litters (Jen et al., 1978; Nagy et al., 1977) . Reflex, locomotor, emotion, and memory development is also differentially affected in rodents in litters of varying size (Nagy et al., 1977; Jen et al., 1978; Jensh, 1983) . Oliverio et al. (1975) found that undernutrition during Note. All data are derived from the litters of untreated, control CD rats. No culling was carried out in any litter. The litter size is as of weaning day (Lactation Day 21); since pup deaths are rare in control rats, in most cases, the litter size was the same at birth. lactation (introduced by increasing the litter size from 4 to 8 or 16 pups) delayed the development of the reflex and electrocorticogram activities and permanently altered brain growth and avoidance learning. The biochemical development and maturation of both presynaptic cholinergic nerve terminals and postsynaptic adrenergic neurons are also influenced by litter size, and these differences persist into adulthood (Gaetani et al., 1975) . The same authors found that the superior cervical ganglia reached its adult mass on Postnatal Days 21, 28, and 60, in the pups raised in litters of 5, 10, and 17, respectively.
For female offspring, the size of the litter in which they were reared has been shown to produce long-term effects on their reproductive competency, including time of vaginal opening, reproductive performance, rebreeding interval, F2 litter size, and F2 pup body weight gains. Azzam et al. (1984) and Kirkpatrick et al. (1988) found that the dam's litter size affected the litter size of the daughters. Through the first five matings, mice reared in small litters (less than 7) produced larger litters than mice reared in larger litters (greater than 13). Vaginal opening occurred on Postnatal Days 25.6, 26.7, and 29.0 in female pups reared in litter sizes of less than 7, 10 or 11, and greater than 13, respectively.
C. Effects of Litter Size and Pup Sex on Maternal
Behavior Dams nursing large litters were observed to be away from the nest more often than those nursing smaller litters (Grota and Ader, 1969; Priestnall, 1972) . The total time that rodent dams spend with their litters gradually declines during the lactation period. It was noted that the time spent with the litter decreased more rapidly in rat dams rearing litters of 12 pups (e.g., slightly over 600 min on Postnatal Day 17) than in dams rearing litters of 4 pups (a little less than 1000 min on Postnatal Day 17) (Grota and Ader, 1969) .
Litter size has also been shown to affect spontaneous pup killing in mice. Gandelman and Simon (1978) studied the killing behavior of mouse dams rearing litters of 12 or 16 pups. They found that dams killed more pups in larger litters than in smaller litters and that killing ceased when the number of pups was reduced to approximately 9. This killing was apparently not a random event; most of the killing took place on Postnatal Days 3-7 and 75% of the pups that were killed were in the lower half of the weight range.
Differing levels of maternal care (e.g., nursing, licking, nest building) have been described (Alleva et al., 1989) in litters of all male, all female, or mixed male and female pups. The mouse dams tended to favor male pups, which were cared for more frequently and for longer periods than female pups.
II. ARGUMENTS IN FAVOR OF CULLING
It is critical that an investigator takes into account the confounding effects of varying litter size in interpreting the postnatal pup data. Since so many parameters of postnatal growth and development are dependent on the litter size, it makes sense that the litter size be standardized to a certain fixed number early in lactation. This should improve the assay sensitivity to detect alterations in pup growth and development by reducing the variations caused by differing litter size.
We cite one example from published literature where the confounding effect of the litter size was apparently missed. Based on the observations that almost all pups survived to weaning and that there were no statistically significant differences in the average weight of weanlings in various groups, Note. Data from all treatment groups were combined. " Almost all pup deaths were confined to the high-dose group (hdg). Maternal neglect resulting from excessive sedation of rat mothers was considered to have affected the pup survival; the effect was more pronounced during the first 4 days of lactation. Snellings et al. (1982) concluded that "there were no treatment-related adverse effects on survival or growth rate of the Fla generation during lactation." The authors found the average weanling body weight to be 24.4 ± 2.9 g (males) and 24.1 ± 3.1 g (females) in Control I, 25.8 ± 3.9 g (males) and 24.8 ± 3.1 g (females) in Control n, and 23.6 ± 5.3 g (males) and 21.8 ± 4.3 g (females) in the high-dose group. The median litter sizes were 10 and 4 in the control and high-dose groups, respectively. We would have expected the weanling weights in the high-dose group to be significantly higher than those of controls if there were no treatmentrelated adverse effects. For example, our historical control data, derived from Charles River CD rats [in which the pup weights at weaning are significantly higher than those in Fischer 344 rats used by Snellings et al. (1982) ], shows the average weanling weight to be 66 and 51 g in 4-pup and 10-pup litters, respectively (a difference of almost 25%). One of us (N.D.A.) had a similar experience (study identified as No. 37 in Table 2 ). Because of the excessive pup deaths during the first few days of lactation, the average litter size in the high-dose group was reduced to 6 (compared with 14 in controls). Even though the average pup weights at weaning were identical (38 g) in the two groups, we concluded that the body weight gain of pups in the high-dose group was adversely affected (based on the litter size, we would have expected the high-dose weanlings to weigh an average of 62 g). It was this experience that led us to introduce culling of litters in all future delivery-type studies.
The concern that culling litters on Postnatal Days 4-6 might interfere with one's ability to study postnatal survival of pups is ill-founded. Having directed dozens of studies in which pups were not culled, it is our experience that almost all postnatal deaths occur during the first 4 days after birth. The "lactation index" (pups surviving to Lactation Day 21 as a percentage of pups alive on Lactation Day 4) has rarely been less than 98% in our studies. The pertinent combined data from the treated groups of the most recent 38 deliverytype studies are summarized in Table 2 . No culling was carried out in any of these studies. Control data are not shown since postnatal pup deaths are rare in the litters of untreated dams (Midwest Teratology Association: Historical Control Project 1988 -1992 . Overall, 98.8% of the pups that were alive on Lactation Day 4 survived to weaning. Increased incidence of early postnatal death was noted in 7 of the 38 studies; data for these studies are presented separately in Table 2 . Even here, increased postnatal death after Lactation Day 4 was seen in only two studies and in both cases the effect was confined to the high-dose group: one of the compounds was a retinoid (study 9) which was tested at a dose very near its teratogenic dose, and the other one (study 19) was a very potent sedative in which there was a clear evidence of maternal neglect of her pups. Table 3 lists data from three studies using different dosing regimens of a compound that was teratogenic and embryolethal at higher doses. The viability but not the lactation index was adversely affected in two of these studies. In the Segment I study, the average litter size at birth in the high-dose group was only 5.8 compared with 14-16 in the remaining groups. After culling, the litter size was standardized to 8 in all except the high-dose groups where it was 5.3. As expected, the average pup weight at weaning was higher in the high-dose group. In the Segment II study, pup deaths were noted only during the first few days of the lactation period. Following weaning, two male and two female Fl pups were held, without further treatment, to adulthood. No adverse effects were observed on testis descent or vaginal opening of these animals; however, the time to mating was significantly increased (8.5 days compared with 2.4 days in controls) and the pregnancy rate reduced (to less than 50%) in the animals derived from the high-dose group. In the Segment HI study, a number of adverse effects were seen in the Fl pups derived from litters of the high-dose group: Note. Pregnant rats were treated throughout gestation and lactation in the Segment I study, from Gestation Days 7 to 15 in the Segment II study, and from Gestation Day 15 to Lactation Day 20 in the Segment ffl study. the incidence of hydrocephaly was increased (42 of 155 pups), vagina] opening was delayed (open in 64% of the high-dose female pups compared with 84% of control pups), 11 % of the high-dose pups failed the learning test (0% in controls), 12% of the pups failed the memory tests (2% in controls), and spontaneous locomotor activity remained elevated even after 10 minutes (by which time the pups should normally "calm down" and settle in one corner of the test chamber). The above illustrates quite well that adverse effects are not ameliorated by the mere act of culling.
ID. CULLING PROCEDURE
Based on the arguments and data presented above, we recommend that culling of rodent litters in the early postnatal period be a standard practice in delivery-type reproduction studies. As long as culling is carried out no earlier than Lactation Day 4 and is random and unbiased (i.e., no attempt is made to cull sick or underweight pups), we feel that there is little risk of losing any information on postnatal survival or development of pups. Since at weaning male pups weigh slightly more than females (Midwest Teratology Association: Historical Control Project 1988 -1992 and studies have shown differences in maternal behavior toward one sex over the other (Alleva etai, 1989) , whenever possible each culled litter should consist of an equal number of males and females. The optimum number to cull to (8 or 10), as well as the optimum day to cull (Postnatal Day 4, 5 or 6), can be determined by each investigator, based on his or her own experience and historical database.
We point out that the current average litter size of 16-18 in the Charles River CD rats is an artifact of selective breeding in which dams delivering smaller litters were selected out of the breeding programs. The litter size in the common laboratory rat, Rattus norvergicus, was described to be 2-8 in 1964 (Asdell, 1964 ) and 8-12 in 1970 (Hafez, 1970 . The ever-increasing litter size has led to an increase in age-associated diseases, reduced life span, and reduced fertility in the CD strain of rats (Anonymous, 1993; Pettersen et al., 1996) . One could argue that culling a rat litter to 8 or 10 pups merely brings the litter closer to its "normal" size.
Finally, from a statistical point of view, the substantial reduction in the variations among pups with regard to body weight, reflex, and behavioral development induced by varying litter sizes should improve the assay sensitivity. Certain parameters such as body weight gain and, to a lesser extent, landmarks of physical development (eye, pinna, vaginal opening) might be amenable to sophisticated statistical tests which take into account the variability introduced by the litter size. It is difficult, however, to see how statistical analyses could be invoked to "correct for" permanent effects caused by varying litter sizes (emotion, memory, and neuronic development, reproductive competency, selective dam killing of smaller pups, etc).
